Results correlation is achieved when mNeGr::PH PLC1δ1 is on average ~9.3 +/-1.5 seconds 237 ahead of Lifeact::mKate-2. Overall, we conclude that PIP 2 cortical structures move 238 together with, but slightly ahead of, F-actin filaments. 239
What drives these movements of PIP 2 cortical structures? The observation 240 that PIP 2 cortical structures move slightly ahead of F-actin filaments, with the trailing 241 end of PIP 2 cortical structure being seemingly in contact with the leading tip of 242 coupled actin filaments (see Fig. 4E ), led us to hypothesize that actin polymerization 243 might push PIP 2 cortical structures. Compatible with this possibility, we found that the 244 average velocity of PIP 2 cortical structures was ~0.17 +/-0.03 µm/s (Fig. S2D, E) , in 245 the range of actin polymerization driven motility in other systems (Brangbour et Given notably the tight coupling between cortical PIP 2 structures and F-actin, we 252 investigated whether components of the actomyosin network regulate the presence 253 of PIP 2 entities. As shown in Figure 4F , we found that PIP 2 cortical structures form 254 and move unabated in nmy-2(RNAi) embryos, in which actomyosin network 255 contractility is abolished, although they distribute symmetrically, as expected from the 256 known requirement of NMY-2 in A-P polarity (Fig. 4F, G) . Therefore, formation and 257 movement of PIP 2 cortical structures do not depend on a contractile actomyosin 258 cortex. In stark contrast, we found that PIP 2 cortical structures hardly form in act-259 1(RNAi) embryos (Fig. 4G, H, I ; Fig. S3A-D) . Moreover, acute impairment of F-actin 260 through treatment of perm-1(RNAi) embryos with the actin polymerization inhibitor 261
Cytochalasin D led to the disappearance of PIP 2 cortical structures (Fig. S3E, F) . By 262 contrast, we found that PIP 2 cortical structures are essentially independent of the 263 microtubule cytoskeleton, impaired here using tba-2(RNAi) (Fig. 4J, K Fig. 5A and 5B, Fig. S4E ). An 281 analogous alteration in F-actin distribution was observed following Ionomycin/ Ca To test whether the shape change observed following Ionomycin/ Ca 2+ addition 284 is caused by alterations in F-actin organization, we combined this treatment with the 285 actin depolymerizing agent Latrunculin A. As shown in Figure S4F and Movie 8, we 286 found that this results in normally shaped embryos. Therefore, shape changes 287 following PIP 2 removal are F-actin dependent. Together, these results uncover that a 288 normal PIP 2 level is critical for the proper distribution of F-actin and thus for proper 289 shape of the C. elegans zygote. 290
291
Increasing the cellular level of PIP 2 also impacts F-actin distribution 292
We sought to test the relationship between PIP 2 and F-actin further by increasing the 293 level of PIP 2 . We investigated whether this could be achieved by altering individual 294 enzymes from the PIP 2 biosynthetic pathway using RNAi or mutant worms, but failed 295 to find a single condition where this would be the case (see Table S1 for genes 296 targeted in this study). Therefore, we set out to jointly inactivate OCRL-1 and UNChydrolyzes PIP 2 to phosphatidyl 4-phosphate (PIP) , and whose depletion leads to 299 increased level of PIP 2 on C. elegans phagosomes (Cheng et al., 2015 (Fig. S5A, B) . Importantly, in 308 addition, we found that this leads to drastic alterations in PIP 2 and F-actin cortical 309 structures monitored by GFP::PH PLC1δ1 and Lifeact::mKate-2 (compared Fig. 5D and 310 PIP 2 boluses removed from the cell in an attempt to return to homeostatic conditions. 314
Second, we found that motile PIP 2 structures do not disappear as readily after 315 pseudocleavage as they do normally (Fig. 5H, I , compare to Fig. 5G; Fig. S5D ). 316
Third, we found that motile PIP 2 structures exhibit altered distribution in all ocrl-317 1(RNAi) unc-26(s1710) embryos ( cortical PIP 2 and F-actin is initiated, but both components become distributed 324 throughout the cortexby the end of the first cell cycle, except at the very posterior 325 (Fig. 5I, L actomyosin network organization, we tested whether it is also important for A-P 342 polarity. To this end, we investigated the impact of excess PIP 2 on polarity using ocrl-343 1(RNAi) unc-26(s1710) embryos expressing mCherry::PH PLC1δ1 and GFP::PAR-2 or 344 GFP::PAR-6, respectively ( Fig. 6A-L) . We found that the distribution of GFP::PAR-2 345 and GFP::PAR-6 domains changes in a manner consistent with alterations in motile 346 PIP 2 structures and the F-actin network, and this from early on (Movie 10). Thus, for 347 GFP::PAR-6, either a small domain formed on the very anterior ( membrane. In doing so, we found that the size of the GFP::PAR-2 domain decreased 393 significantly after t 1/2 in all embryos analyzed ( Fig. 7C , bottom; N=12). As reported in 394 Figure S5J , we found that the t 1/2 of Lifeact::mKate-2 and of GFP::PAR-2 395 disappearance are highly correlated (Pearson coefficient ρ=0.86; p=0.0014). This 396 finding reinforces the conclusion that F-actin is critical not only for the establishment,Overall, we uncovered that a proper level of PIP 2 is essential for correct sizing 399 of PAR domains presumably through reorganization of F-actin, not only during 400 polarity establishment but also during polarity maintenance phase. 401
Discussion

403
In this work, we demonstrate that PIP 2 forms cortical structures in the one-cell C. 404 elegans embryo. We show that these structures depend on F-actin and, reciprocally, 405 that PIP 2 regulates F-actin organization, revealing an interdependence of these two 406 components in the worm zygote (Fig. 7D) regulates the size and localization of PAR domains in two ways. First, when the 507 actomyosin network moves along the A-P embryonic axis, PAR domains alter their 508 distribution accordingly. This relationship was clear prior to this work for the polarity 509 establishment phase, and we show here that this is also the case during polarity 510 maintenance. Second, actin has been suggested to play merely a passive role during 511 the maintenance phase in preventing cortical PAR-2 removal through membrane 512 invaginations driven by microtubules (Goehring et al., 2011) . We reveal here that the 513 lack of this function can lead to the near total disappearance of cortical PAR-2, 514 emphasizing the critical importance of actin also during the maintenance phase. 
Material and Methods
529
Worm Strains 530
Nematodes were maintained at 24°C using standard protocols (Brenner, 1974 
Live imaging 569
Gravid hermaphrodites were dissected in osmotically balanced blastomere culture 570 medium (Shelton and Bowerman, 1996) and the resulting embryos mounted on a 2% 571 agarose pad. DIC time lapse microscopy (Fig. 1A,C 
Image processing and analysis 582
Cortical images of GFP::PH PLC1δ1 used for quantification were processed as follows: 583 the 3 cortical planes were z-projected using average intensity projection, then a 584 median filter of 1 pixel was applied. The background of the entire image was 585 subtracted using the measured mean background in each frame. Signal intensity 586 decay due to photobleaching was corrected with the Fiji plugin "bleach correction" 587 using the exponential fitting method. The entire cortical region was segmented by 588 applying a binary automated histogram-based threshold, followed by iterated 589 morphological operations. Cortical structures were segmented by applying a binary 590 intensity threshold, calculated by fitting the pixel intensity histogram with a Gaussian 591 function and setting the threshold at 4 sigma from the Gaussian peak. The size ofCurves of normalized cortical structures sizes were fit with a sigmoidal model and 594 synchronized, setting the sigmoid inflection point, which corresponded typically to the 595 time of centration/rotation, as time t=0 s. Curves of normalized cortical structures 596 sizes were aligned manually for act-1(RNAi) and unc-26(s1710) ocrl-1(RNAi) 597 embryos using the clear landmark provided by Nuclear Envelope Breakdown (NEDB) 598 as a reference, because a sigmoid function could not be fit with the PH markers in 599 these cases. Since the time separating centration/rotation from NEDB is typically150 600 seconds, t=0 was set at -150 seconds prior to NEDB for act-1(RNAi) and unc-601
26(s1710) ocrl-1(RNAi) embryos. 602
The Elongation Index was calculated as follows: ((perimeter^2)/area)/4p using the 603 MATLAB image processing function "regionprops". We then normalized the 604 Elongation Index by a factor of 1/p such that a square of 2 x 2 pixels has an 605 Elongation Index of 1. ocrl-1(RNAi) embryos, 3 cortical planes, acquired as described above, were z-621 projected by summing the intensity of all slices. The resulting mean intensities were 622 then computed as follows. First, a Otsu threshold was used to retrieve the brightest 623 elements -including the embryo -of the image, retaining only the biggest blob, 624 corresponding to the embryo. Values outside the embryo were averaged to obtainThereafter, embryo pixel values were averaged to obtain the mean pixel intensity 627
value. 628
Cortical flow measurement, correlation analysis, and PIP 2 structures tracking 629
For Particle Image Velocimetry (PIV) analysis, cortical image sequences of 630 mNeonGreen::PH PLC1δ1 and Lifeact::mKate-2 were prepared by performing a 631 maximum intensity z-projection of a stack of 2 planes (0.25 µm apart) and applying a 632 median filer of 1 pixel. PIP 2 cortical structures and the F-actin network were then 633 segmented using the following procedure: the embryo was first extracted from the 634 background using a histogram-based automated threshold, keeping only blobs of a 635 size superior to one third of the biggest blob. The resulting binary images were 636 deemed to be the embryo area. We applied a morphological erosion to the 637 mNeonGreen::PH PLC1δ1 movies with a large structuring element (a disk 30 pixels in 638 radius) to calculate the average value of the pixels not corresponding to PIP 2 cortical 639 structures; the PIP 2 cortical structures were then segmented as the pixels of intensity 640 higher than the computed average value, times a scaling factor determined 641 empirically (1.7). The extraction of the F-actin network was achieved simply by 642 
Drug addition 691
The eggshell was permeabilized by performing perm-1(RNAi) as described above. 
Statistical analyses 722
The software package JMP 13. 
